The effect of a selected tripeptide, Z-D-Phe-Phe-Arg(NO2) on which they could be neutralized by specific antibodies. The inhibitory effect of SV-4814 was highly specific for measles virus, and no significant effect on the multiplication of closely related paramyxoviruses could be demonstrated. These results encouraged further studies of the effect of polypeptides on measles virus multiplication. The present study concerned (i) further characterization of the effect of a selected tripeptide, SV-4814, and (ii) analyses of the effect of different polypeptides, to evaluate the optimal structure for inhibition of the penetration of measles virus into cells, and of the hemolytic activity of the virus.
carbobenzoxy tripeptide (SV-4814; carbobenzoxy-D-phenylalanyl -L -phenylalanyl-N"-nitro-L-arginine) on the biological activities of measles virus (10) revealed a marked inhibition not only of virus multiplication, but also of virus-specific cell fusion and hemolysis. No blocking of virus adsorption onto cells or of hemagglutination by the virus was observed. It was concluded that the inhibitory effect of SV-4814 concerned virus penetration into cells, since in the presence of this compound virus particles remained adsorbed onto cells in a state in which they could be neutralized by specific antibodies. The inhibitory effect of SV-4814 was highly specific for measles virus, and no significant effect on the multiplication of closely related paramyxoviruses could be demonstrated. These results encouraged further studies of the effect of polypeptides on measles virus multiplication. The present study concerned (i) further characterization of the effect of a selected tripeptide, SV-4814, and (ii) analyses of the effect of different polypeptides, to evaluate the optimal structure for inhibition of the penetration of measles virus into cells, and of the hemolytic activity of the virus.
MATERIALS AND METHODS
Virus and coll cultures. The heteroploid green monkey kidney cell line Vero was used for propagation of the non-autointerfering (DP, diluted passage) variant of the Edmonton strain (12) Peptides. In addition to the previously obtained (10) tripeptide, SV-4814 [Z-D-Phe-Phe-Arg(NO,) ] the different dipeptides described in Table 1 and the first four tripeptides described in Table 2 were kindly provided by Parke, Davis & Co., Detroit, Mich. The additional six peptides in Table 2 were synthesized by the following procedures.
Z-pGlu-Arg(NO,)-Pro-OCHs (R, 0.69) (pGlu is pyroglutamic acid) was prepared as previously described by Sievertsson et Phe-Phe-Arg(NO,) (9) with D-Met-OCH,, using dicyclohexylcarboiimide and 1-hydroxybenzotriazole as coupling reagents as described by Konig (7) . The same conclusion was drawn from results of similar studies of the measles virus hemolysin (Norrby, Ph.D. thesis).
As an attempt to elucidate the type of inhibition of the possible enzyme postulated to be responsible for hemolysis, the effect of different low concentrations (3 and 6 ,ug/ml) of SV-4814 on the kinetics of hemolysis was studied. It was found that the slope, but not the intercept at the ordinate, of the straight line representing the relationship of the inverted value of the amount of hemoglobin released (i/s) to the inverted value of the total amount of hemoglobin present in red cells (1/S) was changed by addition of SV-4814 (Fig. 2) . This suggests that SV-4814 may act by competitive inhibition.
Effect of various di-, tri-, and tetrapeptides on measles virus-specific hemolysis and multiplication. The effect of 12 different carbobenzoxy dipeptides on measles virus hemolysis and infectivity has been summarized in Table 1 . There was a correlation between the capacity of different peptides to block hemolysis and to prevent virus multiplication. However, available data on "virus rating" (determined by a special infectivity-inhibition test) by Nicolaides et al. (9) did not correlate well with the present data.
Only some dipeptides showed a demonstrable inhibitory activity, and in no case did this activity approach that of the most potent triand tetrapeptides. The most effective dipeptides showed structural similarities to tripeptides with a marked inhibitory activity. The tri-and tetrapeptides studied were gen- erally more active than dipeptides (Table 2) . Table 1 . DISCUSSION The nature of the paramyxovirus hemolysin has not been elucidated. Serological studies have shown that this activity can be inhibited by antibodies separate from those that inhibit hemagglutination (8, 11) . Certain characteristics of the hemolysin, e.g., the temperature dependence of its activity, might indicate that it has an enzymatic nature. However, these characteristics may also reflect differences in properties of membrane structures under different conditions (see reference 14) . The present data indicate that SV-4814 causes a competitive inhibition of the interaction between measles virus hemolysin and red cells. As might be expected from the specific effect on measles virus hemolysis of SV-4814, this inhibition includes the earliest detectable effect of hemolysin on red cells, i.e., the release of K+. It can be hypothesized that the competitive inhibition may be due to a structural analogy between certain carbobenzoxy polypeptides and a critical site of the receptor (substrate) for the hemolysin.
The optimal chemical composition of polypeptides blocking the hemolytic activity of measles virus may still remain to be determined. It is encouraging that one tripeptide and one tetrapeptide (Table 2) were found to be endowed with higher inhibitory capacity than SV-4814, which was used in the previous (10) and the present studies of the mechanism of action of polypeptides. Prerequisites for inhibitory activity appear to be the presence of aromatic amino acids and a free carboxyl terminal. Tripeptides generally are more active than dipeptides, and further possibilities of potentiating the activity of tripeptides by the addition of amino acids should be explored. In such studies consideration should also be given to the solubility of the compounds produced. Some of the more active compounds examined in the present study were not fully soluble.
The activity of polypeptides in hemolysininhibition tests was found to be a good indicator of their capacity to prevent virus multiplication. This type of test therefore can be used as a simple means of screening the antiviral activity of additional compounds. For unknown reasons the relative inhibitory activities of different compounds demonstrated in the present study do not correlate well with the "virus rating" data on the same compounds given in a separate study (9) .
The capacity of SV-4814 to inhibit measles virus penetration as well as its cell fusion and hemolytic activity was taken to signify a relationship between these different virus activities, a conclusion that is further supported by the present findings. It is of interest that a relationship between cell fusion activity and penetration of herpes simplex virus into cells has been proposed (2). It was found that an antihistamin compound (48/80) was capable of blocking both these activities.
An antiviral compound capable of preventing or limiting the dissemination of measles virus infections is needed only in special situations, e.g., in cases of subacute sclerosing panencephalitis and of giant cell pneumonia. Extensive in vivo pharmacodynamic studies of selected polypeptides are needed before their potential usefulness in these situations can be evaluated. However, it is encouraging that compounds of this type have been found to be highly nontoxic (5) and also that, in contrast to antibodies, they efficiently prevent in vitro cell-to-cell transmission of the virus (10 
